Active control technology and the use of multiple control surfaces by Hart, J. E.
ACTIVE CONTROL TECHNOLOGY AND THE USE OF 
MULTIPLE CONTROL SURFACES 
John E .  Hart 
Lockheed-Geor gia Company 
SUMMARY 
Needed criteria for active control technology applications in commercial 
transports are lacking. Criteria for redundancy requirements, believed to be 
consistent with certification philosophy, are postulated to afford a discussion 
of the relative value of multiple control surfaces. 
frequency bandpaas requirements of various active control technology applica- 
tions are shown to be such that multiple control surfaces offer advantages in 
minimizing the hydraulic or auxiliary power for the control surface actqtors. 
The control power and 
INTRODUCTION 
There is a dearth of criteria to aid in the design of flight control 
systems for commercial transport aircraft which include active control tech- 
nology (ACT) applications. 
orderly design development without fear of costly redesign, as might resqt 
from special conditions imposed after the aircraft design was committed to take 
advantage of ACT. The Federal Air Regulation for transport aircraft, amendment 
25-23, sets forth a number of failure tolerance requirements for flight control 
systems. Paragraph 25.671 (C) states, "the airplane must be shown by analysis, 
test, or both, to be capable of continued safe flight and landing after any of 
the following failures or jamming in the flight control system and surfaces... 
1) Any single failure, excluding jamming... 2) Any combination of failures not 
shown to be extremely improbable, excluding jamming... 3) Any jam...unless the 
jam is shown to be extremely improbable, or can be alleviated." Paragraph 
25.672 says, "If the functioning of stability augmentation or other automatic. . . 
system is necessary to show compliance with the flight characteristics require- 
ments of this Part, such systems must comply wlth...the following; a) A 
warning...must be provided for any failure..,which could result in an unsafe 
condition if the pilot were not aware of the failure... b) The design...must 
permit initial counteraction of failures...by either deactivation of the 
system...or by overriding the failure by movement of the flight controls in the 
normal sense... c) It must be shown that after any single failure...the aircraft 
is safely controllable...at any speed or altitude within the approved operating 
limitations..." 
Such criteria are neceasary, however, to permit an 
These regulations, while not known to be written with active control tech- 
nology applications in mind, may well cover the subject. Certainly, ACT appli- 
cations w i l l  not have less demanding requirements. 
tional, maintenance and cost aspects of potential system redundanoy approaches, 
Considerations of opera- 
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necessary t o  meet these f a i l u r e  tolerance requirements, leads t o  the conclusion 
tha t  s p l i t  surfaces o f f e r  unique advantages i n  mechanizing many ACT 
applications. 
I n  the absence of spec i f ic  regulatory requirements, f a i l u r e  c r i t e r i a  which 
a r e  believed t o  be consistent with ce r t i f i ca t ion  philosophy a re  postulated and 
presented i n  tab le  1. For each ACT application function the f a i l u r e  require- 
ments f o r  the flight control system, under the heading of Redundancy, are given 
f o r  several  different a i r c r a f t  designs graded according t o  the consequence of 
l o s s  of the ACT function. The f a i l u r e  requirements f o r  the several  ACT func- 
t ions are considered minimum i n  each case, and a re  based on the assumption that 
only that ACT function is  involved. In  r e a l i t y ,  it is d i f f i c u l t  t o  visual ize  
an a i r c r a f t  designed t o  u t i l i z e  only one ACT function; where more than  one 
function is involved it is  obvious t h a t  the more s t r ingent  redundancy require- 
ment would prevail. It should be noted t h a t  a f a i l u r e  warning is given t o  the 
p i l o t  a t  each f a i l u r e  l eve l  t o  meet the FAR requirements. 
l e a s t  some cases, that the operating envelope would be restricted t o  some 
defined level following each indicated fa i lure .  
It is  assumed, i n  a t  
An a i r c r a f t  employing a pure fly-by-wire control system (which is not con- 
sidered t o  be an ACT application per se) requires extremely high r e l i a b i l i t y  i n  
the entire f l ight  control system. 
two fail-operate redundancy and, as  such, might prof i tably employ ACT appli- 
cations with only r e l a t ive ly  s l i g h t  increases i n  the control system complexity. 
Once the commitment is made t o  inal terably depend upon the functioning of the 
sensors, computers, actuators and cuntrol surfaces,  it makes l i t t l e  difference 
t o  safe ty  as  t o  how uncontrollable o r  s t ruc tu ra l ly  sound the a i r c r a f t  is without 
the control functions. ( I n  such cases, restricting the operating envelope may 
be moot.) 
of reduced d i r ec t  operating cost  and increased return on investment, w i l l  be 
real ized . 
Such a i r c r a f t  w i l l  l i k e l y  have no less than 
However, it is  i n  such cases tha t  the f u l l  bene f i t s  of ACT, i n  terms 
CONSEQWCES OF MULTIPLICITY 
The mul t ip l ic i ty  of f l ight control components, channels and power sources 
t o  achieve the operational r e l i a b i l i t y  required does not come without i t s  price. 
The price  i s  i n  terms of equipment, bu t  it is a l so  i n  terms of pre-flight tests 
t o  establish that there a re  no l a t e n t  f a i l u r e s  and i n  maintenance act ion 
required by actual  f a i l u r e s  o r  f a l s e  alarms. 
Quality and Fl ight  Control System Study" (BD 4479OyL) published i n  August 
1963, is recommended as an excellent reference which * ' fac i l i t a tes  tradeoffs 
between potent ia l  competing mechanizations" of redundancy i n  automatic f l ight 
control systems, Included i n  this paper is a matrix of prac t ica l  redundant 
mechanizations versus major operational and maintenance qual i t ies .  
data given it is evident,,assuming a control surface pulse can be tolerated a s  
the r e s u l t  of switching a f t e r  a failure is detected, that an activelatandby 
An S T I  report ,  llTFX Handling 
From the 
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The use of sp l i t  sur faces  with act ive/s tandby a c t u a t o r  redundancy f o r  each 
offers an a d d i t i o n a l  f e a t u r e 9  namely that uninterrupted opera t ion  is assured 
a f t e r  3 s i n g l e  f a i l u r e ,  After any second f a i l u r e ,  uninterrupted operat ion is 
a l s o  assured b u t  with a one i n  three chance (or less) that reduced performance 
( au tho r i ty )  w i l l  resslt,  o s s i b l e  lower a u t h o r i t y  af ter  a 
second f a i l u r e  may be accommoda Led by l e c t i n g  the o r i g i n a l  a u t h o r i t i e s  above 
a c t u a l  requirements,  a d j u s t i n g  system sameters  a f t e r  the o r i g i n a l  or second 
f a u l t  or poss ib ly  by o e r a t i o n a l  res tr t i o n s  af ter  the o r i g i n a l  or second 
f a u l t ,  
The even tua l i t y  of a 
MULTIPLE COETROL SURFA@ES 
The use of mul t ip le  con t ro l  su r f aces  f o s  ind iv idua l  axes of an a i r c r a f t  
Tr im con t ro l s  that a r e  sepa ra t e  from the primary maneu- has a long  h i s t o r y ,  
ve r ing  con t ro l s ,  f o r  example 
t i o n s ;  more r ecen t ly ,  s p l i t  o n t r o l s  such as upper and lower rudders and 
inboard and outboard e l eva to r s  are not  uncommon, There are a v a r i e t y  of 
reasons why mul t ip le  con t ro l  su r f aces  have been used inc luding  advantage from 
cons idera t ion  of a u x i l i a r y  power demands, opera t iona l  s a f e t y  manufacturing 
c o s t s  ( p a r t i c u l a r l y  on l a r g e  a i r c r a f t )  and f l u t t e r  charac te  is t ics ,  i n  addi- 
t i o n  t o  accommodating the f l ight  con t ro l  f a i l u r e  to le rance  requirements. t h e n  
used f o r  f a i l u r e  to l e rance  reasons,  the mul t ip le  con t ro l  surfaces i n  any a x i s  
must 'be s i z e d  such t h a t  the t o t a l  a u t h o r i t y  exceeds the  minimum requirement by 
some margin, 
a multi-engine a i r c r a f t  i n  which the  loss of any one engine results i n  an 
i n a b i l i t y  t o  continue t o  f l y ,  This raises the ues t ion  of w h a t  is  the minimum 
a u t h o r i t y  requi red ,  A q u a n t i t a t i v e  answer i endent upon the a i r -  
c r a f t  conf igura t ion  and which, i f  any, ACT a e involved, Some 
general-trend e observat ions can b E on the use of 
a p l i t  su r f aces  f o r  ACT, 
is a concept that  has been used f o r  many genera- 
Otherwise, the whole philosophy is  f a l l a c i o u s ,  being analogous t o  
Consider the a m i l i a  er ~ e ~ ~ ~ ~ e a  f o r  01 su r face  servo 
If it is  a s  that a cons tan t  
where K i s  a cons tan t ,  Ps is  the s u  
given s t r o k e  actua-tor the a rea  of a 1  t o  the maximum 
hinge moment (aasumin 
of a c t u a t o r  a rea  times rate,  or rea times su r face  
rate, Thus 
f low rate. For a 
Flow 2s the 
max 
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Basio Maneuvering 
ACT Function 
Relaxed S t a b i l i t y  
Maneuver Load Control 
Gust Load Alleviation 
F l u t t e r  Mode Control 
Fatigue L i f e  Improvement 
Ride Quality Control 
TABLE 2 
Bandpas s 
Low 
Control Power 
High 
Medium Medium 
Low Medium 
High Medium 
Very High Low 
Medium Medium 
High Medium 
Auxiliary 
Power 
P 
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improvement require a higher bandpass than  the maneuvering control surfaces 
actuators, But by using only a portion of the maneuvering controls f o r  these 
purposes, the hydraulic power demands are significantly reduced compared to  a 
non-multiple surface design. 
If the ACT funotions of ride quality control and gust load alleviation are 
added, they might also use portions of the basic maneuvering control surfaces 
but  aeparate, "dedicated,l1 surfaces located more optimumly would l ikely be 
desirable from a system weight and power demand stsndpoint. 
tion and required high-frequency response of control surfaces providing f l u t t e r  
mode control will, i n  a l l  likelihood, necessitate separate dedicated surfaces 
fo r  this ACT function. I n  any case, the possible use of any ltdedicatedfl oon- 
t r o l  surface6 as  ultimate backups t o  the basic maneuvering controls is an 
attractive possibility. 
The desired loca- 
The '?fullness of time" f o r  ACT applications has arrived. Improved aircraf t  
efficiency i n  meaningful measures can be achieved and the use of multiple con- 
t r o l  surfaces can contribute significantly t o  this achievement without compro- 
mising safety or  creating a "hanger queenelf 
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